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In  our  current  economy  it  is  obligatory  that  dentists 
and  technicians  be  cost  conscious  about  the  mate¬ 
rials  they  use  for  fixed  prosthesis.  The  preferential 
use  of  the  precious  metal  alloys  has  almost  been 
eliminated  by  the  elevated  costs  of  all  precious 
metals.  The  subsequent  demand  for  semiprecious 
and  nonprecious  base  alloys  in  dental  procedures  has 
now  resulted  in  substantial  increases  in  the  price  of 
these  once  insignificant  alloys,  again  to  a  point  of 
financial  concern.  _ 

The  original  nonprecious  metal  alloys  introduced 
into  dentistry  15  to  20  years  ago  were  so  inexpensive 
that  the  new  ingots  were  melted,  cast,  and  discarded 
or  sold  back  to  the  supplier  by  the  pound  as  scrap, 
even  though  they  were  purchased  by  the  penny¬ 
weight  or  ounce.  When  using  the  inexpensive  non¬ 
precious  alloys,  technicians  used  all  new  metal  for 
each  casting  instead  of  mixing  new  metal  with 
previously  melted  ingots. 

With  the  increased  costs  of  the  nonprecious  met¬ 
als.  it  would  be  economically  advisable  to  reuse  them 
in  combination  with  new  metal,  as  is  the  practice 
when  using  precious  metal  alloys.1  Some  laborato¬ 
ries  combine  one-half  new  with  once-used  nonpre- 
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cious  metal,  and  then  all  is  discarded.  However,  the 
nonprecious  metals  might  be  reused  several  times 
with  the  addition  of  one-third  or  one-half  new  metal 
-each  time.  Although  there  have  been  several  reports 
on  the  repeated  usage  of  precious  metals  and  the 
evaluation  of  their  physical  properties,  there  are  few 
reports  available  on  the  evaluation  of  the  physical 
properties  of  nonprecious  alloys  after  repeated  use. 
Some  properties  that  should  be  evaluated  are  hard¬ 
ness,  tensile  strength,  yield  strength,  modulus  of 
elasticity,  coefficient  of  expansion,  grain  size,  and 
percentage  of  elongation. 

Many  questions  about  these  properties  must  be 
answered.  For  example,  will  the  manufacturers* 
stated  desired  properties  for  a  casting  be  adversely 
altered  if  the  alloys  are  subjected  to  repeated  melting 
temperatures?  Will  the  addition  of  certain  amounts 
of  new  metal  to  the  total  melt  of  previously  melted 
ingots  influence  the  physical  properties  of  the  resul¬ 
tant  metal  alloy?  What  is  the  optimum  ratio  of  new 
and  old  metal  combinations  for  consistent  results? 

This  study  was  undertaken  to  evaluate  hardness, 
tensile  strength,  and  percentage  of  elongation  of  a 
nonpreeious  metal  alloy  used  repeatedly  for  fixed 
partial  denture  castings.  These  physical  properties 
were  compared  between  single-melt  alloy  castings 
and  second-,  third-,  and  fourth-gcneration-molt 
alloy  castings. 

MATERIALS  AND  METHODS 

A  nonprecious  metal*  routinely  used  in  L\S.  Navy 
clinical  laboratories  was  selected  for  evaluation. 

Tensile  test  specimens  were  cast  in  accordance 
with  ADA  specification  No.  14  for  dental  chromium- 
cobalt  casting  alloy  (Fig.  1).  A  split  brass  moldt  was 
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Fig.  2.  Wax  sprue  and  tensile  bar. 


made  to  comply  with  this  specification,  requiring  a 
tensile  bar  I  *'«  inches  long  with  a  diameter  of 
0.09  ±  0.01  inches  and  12  to  24  threads  at  each  end 
with  a  Vi  inch  radius  of  curvature  connecting  the  bar 
and  the  threaded  portion.  The  sprue  portion  was 
formed  in  a  separate  split  brass  mold.  The  wax  sprue 
and  tensile  bar  are  shown  in  Fig.  2. 

A  commercial  wax  injector*  was  used  to  transport 
the  molten  wax  to  the  heated,  lubricated  mold. 
Without  the  use  of  the  wax  injector,  voids  consistent¬ 
ly  occurred  in  the  pattern.  The  pattern  was  invested 
in  gypsum -bonded,  low-heat  invest  ment.t  The 
investment  was  painted  on  the  pattern  and  allowed 
to  dry  for  9  minutes,  then  invested  in  a  500  gm 
casting  ring.  The  ring  was  allowed  to  set  for  1  hour, 
then  placed  in  a  cool  oven.  Burnout  temperature  of 
1,350  F  was  reached  by  using  a  slow-heat  oven}  and 
the  ring  was  heat  soaked  at  this  temperature  for  3 
hours. 

An  induction  coil  crucible  assembly  §  was  used  for 
the  easting  procedure.  This  eliminated  carbon  con¬ 
tamination  of  the  metal  that  could  result  if  a  torch 
were  used.  Nine  ingots  of  the  alloy  weighing  3.5  dwt 
per  ingot  were  used  for  each  casting.  When  the 
recommended  casting  temperature  was  reached,  the 
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motor-driven  casting  arm  was  rotated  for  30  set oru  s. 
Following  casting,  the  ring  was  allowed  to  bench 
cool  overnight.  The  investment  was  removed,  at  id 
the  casting  was  cleaned  with  aluminum  oxide  abu¬ 
sive  powder.* 

Tensile  strength  measurements  were  determin  *d 
for  each  specimen  according  to  ADA  specifications 
by  means  of  an  Instron  Universal  testing  machine. f 
A  measuring  microscope}  was  used  to  determine  the 
percentage  of  elongation,  and  a  testing  instruments 
was  used  to  measure  hardness. 

Following  the  tests  for  physical  properties,  the 
sprue  and  tensile  bar  were  melted,  east  a  second 
third,  and  fourth  time,  and  measured  in  the  san  e 
manner  as  described  previously.  Approximately  12 
castings  were  made  for  each  generation  of  castings. 

RESULTS 

The  physical  properties  of  the  repeated  castings 
for  the  first,  second,  third,  and  fourth  generations,  as 
compared  with  the  minimum  ADA  specifications  for 
chromium-cobalt  alloys,  are  shown  in  Table  I. 

The  hardness  number  was  within  the  minimum 
ADA  specification  of  50  for  the  first  generation  and 
appeared  to  decrease  slightly  in  the  second,  third, 
and  fourth  generations.  However,  statistical  compar¬ 
isons  of  the  first  through  fourth  generations  showed 
no  significant  differences  (/>  >  .05  by  the  Student  / 
test). 

The  tensile  strength  of  each  generation  was  under 
the  minimum  ADA  specification  of  6,300  kg /cm. 
When  statistical  comparisons  were  made  between 
the  tensile  strength  of  the  first  through  fourth 
generations,  there  were  no  significant  differences 
(/>  >  .05  by  the  Student  t  test). 

The  percentage  of  elongation  was  well  above  the 
minimum  of  1.5'*  for  all  the  generations.  Although 
results  appeared  to  vary  considerably,  which  is  in 
agreement  with  HarcourtV  findings,  no  significant 
differences  were  found  between  percentage  of  elon¬ 
gation  values  ( p  >  .05  by  the  Student  t  test). 

By  the  fourth  generation,  it  was  generally  noted 
that  insufficient  metal  was  available  for  complete 
castings.  These  incomplete  castings  were  not 
included  in  fourth-generation  testings. 
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Table  I.  Physical 

properties  of  repeated 

castings  with  mean  and  SO  values 

Hardness* 

Tensile  strength* 

Percentage  of 

No.  of  samples 

•eneration  time 

(Rockwell  30N1 

(kg/cm  1 

elongation* 

per  generation 

First 

50 1>  ♦  1.1 

3,3t>4  *  1.117 

2.4  «-  1.5 

12 

Second 

40.3  ♦  8.7 

3.3lo  -  774 

3.3  *  2.8 

12 

Third 

4t>.l  ^  8.2 

2,8fc>o  •  0^7 

2.1  ♦  3.2 

10 

Fourth 

4e .3  ♦.  t*.2 

3^24  *  °22 

0.8  4.0 

7 

ADA 

50 

t>,300 

15 

*' )if  Fere  rices  between  the  generation  times  were  nol 

!  significant  {/>  >  .05  by  the  Student 

t  test  ). 

DISCUSSION 

The  findings  showed  no  significant  differences 
between  the  four  generations  of  castings  for  any  of 
the  physical  properties  tested. 

Although  the  hardness  and  tensile  strength  test 
results  did  not  show  a  significant  difference  between 
casting  generations,  the  measurements  were  below 
minimum  ADA  specifications.  A  possible  explana¬ 
tion  for  the  decreased  tensile  strength  might  be 
attributed  to  the  difference  in  the  size  of  the  sprue 
and  the  tensile  bar,  which  would  cause  the  bar  to 
become  prestressed  during  cooling.  A  different  type 
of  sprue  was  designated  for  use  in  the  ADA  specifi¬ 
cations.  In  this  study,  it  was  necessary  to  use  a  larger 
sprue  to  have  sufficient  metal  for  repeated  eastings. 
Another  possible  explanation  for  decreased  tensile 
strength  might  be  the  procedure  of  prcmelting  the 
metal  prior  to  casting.  I  lowever,  if  this  were  the  ease, 
a  significant  cieerense  in  each  generation  east  would 
be  expected.  No  decrease  occurred. 

The  finding  of  no  significant  difference  in  the  four 
generations  is  of  clinical  importance.  This  indicates 
that  the  metal  can  be  recast  for  four  generations  with 
no  alteration  in  the  tensile  strength,  hardness,  and 
percentage  of  elongation.  It  also  indicates  that  the 
procedure  of  adding  varying  amounts  of  new  metal 
to  old,  as  suggested  by  the  manufacturer,  is  not 
necessary. 

Before  a  definitive  recommendation  can  be  made 
for  repeatedly  using  nonprecious  metals,  further 
investigation  is  needed  on  other  physical  properties 
not  evaluated  in  t his  study.  These  properties  include 
the  modulus  ol  elasticity,  grain  size,  carbide  spacing, 
coetUciem  of  expansion,  and  yield  strength.  The 
bond  strength  of  porcciain-to-metal  after  repealed 
castings  should  also  he  examined. 


The  apparent  variations  that  occurred  among  the 
four  genera tionss may  be  due  to  microporosity  in  the 
casting.  The  cross-sectional  area  of  the  easting  is 
reduced  by  the  amount  equal  to  the  area  of  the 
defect.  Therefore,  the  tensile  strength  and  percent¬ 
age  of  elongation  would  be  reduced  in  these  areas 
much  before  any  other  area  of  the  bar.  X-ray 
inspection  of  the  test  castings  could  be  used  to  detect 
subsurface  porosity.'  If  any  specimens  were  found  u> 
have  porosity,  they  could  be  eliminated  from  the 
study. 

SUMMARY 

Some  physical  properties  of  nonprecious  alloys 
were  compared  after  repeated  casting  without  the 
addition  of  any  new  alloy.  The  tensile  strength, 
percentage  of  elongation,  and  hardness  properties 
were  determined  and  compared.  There  were  no 
significant  differences  observed  in  the  physical  prop¬ 
erties  tested  among  any  of  the  four  generations  of 
casting.  This  finding  indicates  that  the  metal  can  be 
reused  for  at  least  four  generations. 
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